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ALTERNATIVE  AFFF 

PROPORTIONING  SYSTEMS  FOR  THE  S3N  21  DESIGN  -  T&E 


I .  INTRODUCTION 

The  Aqueous  Film  Forming  Foam  (AFFF)  fire  suppression 
systems  proposed  for  flammable  liquid  fuel  hazards  on  the  SSN 
21  (including  the  diesel  auxiliary  generator  space,  lube  oil 
bay  bilge  and  aft  hydraulic  plant)  require  proportioning 
systems  to  inject  3%  AFFF  concentrate  into  seawater  systems  to 
create  AFFF  solution  at  sprinkler  systems  and  hose  stations. 
Alternative  proportioning  systems  which  utilize  an 
air-pressurized  concentrate  storage  tank  are  being  evaluated. 
One  candidate  proportioning  system  uses  orifice  metering  plates 
to  proportion  AFFF  at  each  seawater  injection  point  (i.e., 
sprinkler  system  or  hose  station. )  An  alternative  system  uses 
an  in-line  balanced  pressure  proportioner  and  ratio  controller 
to  proportion  AFFF  over  a  range  of  system  demands. 

The  objective  of  this  report  is  to  provide  an  interim 
analysis  of  the  alternative  proportioning  systems,  based  on  a 
review  of  the  proposed  designs  and  results  of  conceptual 
testing  of  the  systems. 

II.  TECHNICAL  DESCRIPTION 
A.  General 

As  now  envisioned,  the  AFFF  firefighting  systems  will  be 
supplied  from  the  on-board  seawater  flushing  system.  This  is  a 
new  concept  compared  to  the  SSN  688  class  design,  where 
seawater  fire  hose  stations  are  supplied  directly  from  the  trim 
discharge  header.  AFFF  concentrate  storage  tanks,  located 
forward  and  aft  of  the  reactor  compartment,  will  be  pressurized 
from  available  service  air  systems  to  inject  AFFF  concentrate 
into  branch  lines  serving  AFFF  sprinklers  and  hose  stations. 

If  is  anticipated  that  each  concentrate  tank  will  be 
pressurized  at  3.79  kg/ cn^  (125  psi),  which  will  eliminate  the 
need  for  concentrate  pumps  typically  found  in  surface  ship  AFFF 
designs.  A  schematic  of  the  proposed  system,  developed  by 
NA7SEA  56Y52,  *s  shown  in  Fig.  1.  Conceptual  schematics  of  the 
two  candidate  proportioning  systems  are  shewn  in  Fig.  2. 
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Fig-  2  —  Conceptual  bclieinatica  of  alternative  proportioning  systems 
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It  is  currently  estimated  that  each  concentrate  tank  will  be 
sized  for  5  minutes  of  agent  application  when  the  largest 
sprinkler  system  and  two  3.31  cm  (1-1/2  in.)  hanaiines  are 
operating  simultaneously.  Tentative  criteria  have  been 
established  to  provide  AFFF  hose  stations  sc  that  any  point  can 
be  reached  from  at  least  two  hose  stations  with  15.24  m  (50 
f t. )  of  hose . 


The  seawater  service  pressure,  supplied  from  either  the 
flushing  water  or  trim  discharge  header,  has  not  been 
finalized,  and  it  is  not  known  whether  this  pressure  will  be 
relatively  constant  (e.g.,  3.52  kg/cm^  (50  psi)  from  the 
flushing  water  system)  or  variable  as  is  the  case  in  the  SSN 
688  design  where  trim  discharge  pressure  is  increased  (through 
air  pressurization  or  pump  activation)  in  the  event  of  a  fire. 
Testing  has  assumed  a  variable  seawater  service  pressure  at  the 
AFFF  injection  point  of  2.11-7.03  kc/cm^  (30-100  psi),  and  a 
concentrate  injection  of  8.79  kg/cm^  (125  psi). 

NA73EA  has  established  two  criteria  which  are  important  in 
the  overall  conceptual  development  of  the  proportioning  system: 
AFFF  hose  stations  must  have  seawater-only  capability  at  any 
given  time;  and,  AFFF  may  not  be  introduced  into  the  primary 
trim  discharge  or  flushing  water  lines. 

3.  Orifice  Plate  System 


The  orifice. metering  plate  system  uses  a  single-user 
injection  point  method  of  proportioning  AFFF.  An  AFFF 
concentrate  line  from  the  concentrate  tank  would  supply  AFFF  to 
an  orifice  plate  at  each  hose  station  or  sprinkler  system.  The 
orifice  diameter  of  each  plate  would  be  sized  for  3%  AFFF 
proportioning,  based  on  the  pressure  differential  between  the 
concentrate  line  pressure  and  seawater  firemain  pressure  at  the 
injection  points,  and  flow  demand  of  the  nozzle  or  sprinklers. 


C.  In-line  Balanced  Pressure  Proport ioner 
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A  pressure  regulating  valve  and  ratio  controllers 
manufactured  by  Feecon  Corp.  are  being  used  in  these  tests. 
Similar  commercial  units  are  available  from  other  vendors. 

III.  TEST  RESULTS 

A.  Orifice  Plate  System 

A  series  of  tests  were  conducted  to  confirm  the  feasibility 
of  the  orifice  metering  plate  injection  system.  Straight-edged 
orifice  plates  were  fabricated  to  proportion  AFFF  based  on  flow 
rates  being  used  in  concurrent  testing  of  sprinkler  nozzles. 
Tables  1  and  2  show  proportioning  and  orifice  coefficient  of 
discharge  data  for  4  orifice  diameters  tested  using  fresh 
water.  The  data  confirm  that  the  pressure  differential 
between  the  concentrate  injection  line  and  the  firemain  is  the 
governing  factor  on  concentrate  flew  for  a  given  orifice. 
Concentrate  flow  is  not  sensitive  to  seawater  flow.  Average 
for  all  tests  was  0.74. 

In  order  fer  an  orifice  plate  system  to  be  efficient,  the 
concentrate/ firemain  pressure  differential  must  remain 
relatively  constant.  An  example  of  the  change  in  AFFF 
concentrate  resulting  from  varying  pressure  differentials  for  a 
given  orifice  plate  is  shown  in  Figure  3.  In  these  tests,  flow 
was  held  constant  as  pressure  differential  was  varied.  In  an 
actual  submarine  situation,  flow  will  also  change  as  firemain 
pressure  changes,  which  in  turn  will  effect  %  AFFF 
concentration.  The  impact  of  this  is  shown  in  Table  3,  which 
is  a  calculation  for  determining  the  orifice  plate  and  AFFF 
concentrate  storage  requirements  for  a  3.31  cm  (1  1/2 
in.)  diameter  hese  line  at  various  pressures.  This  example 
shews  the  inefficiency  of  the  orifice  plate  design  (i.e., 
overdesign  requirements)  when  there  is  a  large  firemain 
pressure  variation. 

Tests  of  orifice  plates  were  also  conducted  to  determine  the 
accuracy  in  calculating  the  orifice  plate  diameter  for  3% 
proportioning.  For  a  given  orifice  plate  diameter  and  solution 
flow  rate,  required  pressure  differential  for  3%  concentrate 
flow  was  calculated,  and  then  tested  using  water  to  determine 
the  accuracy  of  the  calculation.  Data  in  Table  4  shows  good 
agreement  between  actual  and  calculated  results. 


'futile  1  Orifice  plate  proportioning  tests 
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Fig.  3  —  Proportioning  tests  using  ■3.76mm  i0.14S  m.)  orifice 


Talile  3  —  Orifice  plate  metering  efficiency 
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3.  In-line  Balanced  Pressure  Proportioner 


A  series  of  tests  was  conducted  to  confirm  che  conceptual 
feasibility  of  an  in-line  balanced  pressure  proportioning 
system.  Tests  using  water  have  been  completed  for  5.3  cm  (2 
in.)  and  7.62  cm  (3  in.)  diameter  ratio  controllers  designed  to 
proportion  at  3%.  The  data  in  Tables  5  and  6  indicate  that: 

1.  Proportioning  is  constant  over  a  range  of  demands; 

2.  Constant  proportioning  is  independent  of  pressure 
differential;  and 

3.  Friction  loss  across  the  unit  increases  as  flow 
increases,  but  is  within  acceptable  limits  for 
application  to  the  SSN  21  design. 

It  was  noted  in  seme  of  the  7.52  cm  (3  in.)  ratio  controller 
tascs  that  there  was  a  slight  pressure  gain  across  the  unit, 
probably  due  to  the  high  injection  pressure.  When  water  only 
is  flowing  through  the  ratio  controller  (i.e.,  no  concentrate 
injection),  she  pressure  drop  is  higher.  A  complete  set  of 
water-only  data  would  be  required  if  the  unit  is  used  on 
submarines,  since  this  is  a  possible  scenario. 

C.  Evaluation  of  Proportioning  Systems 

Table  7  is  an  evaluation  of  the  two  proportioning  systems 
with  respect  to  simplicity,  proportioning  efficiency, 
design/ operational  efficiency,  reliability,  general  space, 
weight  and  cost  factors.  The  orifice  plate  system  is  the  more 
simple  system,  but  suffers  in  proportioning  efficiency  if  the 
potential  for  a  wide  range  of  flows  and  pressure  differentials 
exist.  3oth  systems  can  be  considered  reliable,  but  have 
specific  design  details  which  reduce  overall  reliability. 
Additional  check  and  isolation  valves  are  required  in  the 
orifice  place  system,  while  supply  piping  is  larger  in  the 
balanced  pressure  proportioning  system. 

From  a  design  and  operational  standpoint,  the  balanced 
pressure  proportioner  has  design  features  which  significantly 
reduce  its  efficiency  if  the  requirement  to  have  combination 
seawater  and  AFFF  stations  is  maintained. 


controller  —  3%  orif, 


'abie  7  —  Evaluation  of  orifice  plate  and  balanced  pressure  porportioning  systems 


1.  Simplicity 

2.  Proportioning  Efficiency 

a.  Variable  £ low/ 

pressure  differential 

b.  Relatively  constant  flow/ 

pressure  differential 

3.  Ceslgn/Cperational 
efficiency 


4.  Reliability 


5.  General  Space,  weight. 
Cost 
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is  connected  to  the  seawater  supply 
Possible  agent  storage  increase 
if  potentiai  fer  large  ocncencrate/ 
seawater  pressure  differential  exists 


EALANCJ  PRESSURE  PRCPCRTICNCT 
Simple 


atcellenc  efficiency 
Excellent  efficiency 


Significant  design  implications 
for  oaipinad  seawacer  cniy 
and  AfTF  capaoility 
o  wet  pipe  system  -  slug  cf  seawater 
in  the  line  wnich  mist  be 
discharged  prior  to  AFFF  flow  at 
the  appliance  -  highly  uncesirao.= 
o  Cry  pipe  system  i considered 
undesirable  by  NAVSEAI 
-less  reliable 
-slignt  delay  in  agent  f.ow 
o  Cnee  AFTF  is  introduced  to  system, 
seawater  only  capaoility  is  lost 
-the  alternative  is  to  create, 
in  effect,  separate  AFTF 
and  seawater  aranchnnes  to 
each  dual  agent  station 

bead  end  system  -  single  valve 
failure  at  the  connection  to  me 
seawater  supply  results  in  the 
loss  of  the  entire  AFTF  system 


larger  supply  pipe  sire  required 
Iran  central  injection  point  to 
individual  discharge  outlets- this 
line  is  an  AFTF  solution  line 
instead  of  a  concentrate  line 
Salancing  'valve  and  ratio  control 
ler  instead  of  orifice  p»ates 


IV.  ALTERNATIVE  SYSTEMS 


Two  additional  alternatives  to  orifice  metering  plates  have 
been  identified  for  distributed  single-user  injection  points. 

An  automatic  flow  control  valve  has  been  ordered  for  ; 

evaluation.  This  diaphragm  operated  valve  may  be  able  to 

maintain  a  constant  flow  of  AFFF  concentrate  over  a  range  of  | 

differential  pressures.  This  may  reduce  overdesign 

requirements  as  shown  in  Table  3  (i.e.,  flow  rate  will  not 

increase  as  pressure  differential  increases).  The  effective 

free  area  of  the  orifice  opening  may  also  be  larger  than  the 

opening  in  an  orifice  plate  for  the  same  design  point,  which 

could  reduce  the  possibility  of  clogging  and  increase 

reliability. 

Akron  Brass  Co.  is  working  on  a  modified  eductor 
proportioning  concept.  Their  goal  is  to  create  an  eductor 
which  will  proportion  concentrate  (injected  under  pressure) 
within  a  relatively  narrow  range  (e.g.,  3-5%)  over  a  range  of 
pressures  and  flows,  while  maintaining  relatively  low  pressure  1 

drop  across  the  unit.  NRL  will  maintain  contact  with  Akron  to 
keep  abreast  of  this  developmental  work. 

V.  SUMMARY 

The  AFFF  fire  suppression  systems  proposed  for  flammable 
liquid  fuel  hazards  on  the  SSN  21  require  proportioning  systems 
to  inject  3%  AFFF  concentrate  into  seawater  systems  to  create 
AFFF  solution.  Alternative  proportioning  systems  each  of  which 
utilizes  an  air-pressurized  concentrate  storage  tank  are  being 
evaluated  by  the  Naval  Research  Laboratory  (NRL).  One 
candidate  system  uses  multiple  single-user  injection  points 
(e.g.,  orifice  metering  plates)  to  proportion  AFFF  at  each  hose 
station  or  sprinkler  system.  The  other  system,  which  uses  an 
in-line  balanced  pressure  proportioner  and  ratio  controller,  is 
designed  as  a  central  system  which  can  proportion  over  a  range 
of  demands . 


Proportioning  using  the  orifice  plate  system  is  pressure 
sensitive  and  not  flow  sensitive.  As  pressure  differential 
between  the  injected  concentrate  and  seawater  increases,  flow 
rate  increases.  If  pressure  differential  can  vary  considerably 
during  operation,  AFFF  flow  and  storage  requirements  must  be 
overdesigned  to  meet  the  iowesc  design  point,  i.e.,  3%  at  the 
smallest  pressure  differential.  The  size  of  the  orifice  in  the 
orifice  plate  design  may  be  so  small  (e.g.,  2.5  cm  (0.1  in.) 
iia. )  that  clogging  of  the  orifice  could  be  a  problem. 

Proportioning  using  the  balancing  valve  system  is  flow 
sensitive.  A  steady  level  of  %  concentrate  is  maintained  over 
a  range  of  flews.  The  use  of  a  central  proportioning  system 
creates,  in  effect,  a  separate  AFFF  firemain  system.  The 
central  proportioning  system  allows  more  effective  use  of  AFFF 
concentrate,  but  significant  design  and  operational  problems 
result  from  the  requirement  to  have  seawater  only  capability  at 
AFFF  hose  stations. 


Future  RID  work  will  focus  on  the  single-user  injection 
point  system.  Two  additional  single-user  injection  point 
systems  may  be  available  for  testing  in  the  near  future. 
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